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Amphibians of the northern coast of the state of Parana, Brazil 


Peterson T. Leivas'”, Pedro de O. Calixto?, Lucas B. Crivellari', Michelle M. Struett’, 
and Mauricio O. Moura'? 


Abstract. The Atlantic Forest possesses the greatest species richness and endemism of anurans among all Brazilian biomes. 
However, there are gaps in current patterns of species spatial distribution because many sites along Atlantic Forest were 
not properly sampled. The eastern slope of the “Serra do Mar Paranaense” (Parana Coastal Mountain Chain) falls into this 
category. Although it is an important area, there have been only occasional inventories (i.e., the municipalities of Guaraqueçaba 
and Morretes), without a general compilation of data on the anuran fauna. Thus, we compiled a regional listing of anuran 
species of the northern coast of the state of Parana. In addition, we summarize information on species richness, composition and 
natural history, and discussed taxonomic difficulties and conservation threats. The records were compiled from museums and 
the literature for the municipalities of Antonina, Guaraquecaba and Morretes and performed field sampling in Antonina. A total 
of 1,417 records were obtained representing 81 taxa (63 species and 18 taxonomic groups). Morretes was the municipality with 
the greatest richness of taxa (67), followed by Guaraqueçaba (61) and Antonina (43). The genera with the greatest taxonomic 
imprecision were Ischnocnema (4 groups), Ololygon and Hylodes (3 groups each). Our results indicate that the region should 
receive intensified efforts at basic research as systematized surveys, studies of population dynamics, revisions of groups with 
significant taxonomic uncertainty. 
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Introduction complexity and endemism of the Atlantic Forest anuran 
, . . ; fauna is related to the climatic (current and/or past) 
The Atlantic Forest is considered one of the world's dt hic (elevati iati iated with 
greatest biodiversity hotspots (Myers et al., 2000; a . opogřaphic (eleva ions) bipes € M 
environmental heterogeneity along this biome (e.g., 
Morin, 2011; Toledo and Batista, 2012; Haddad et al., 
2013; Loyola et al., 2014). 


Despite the group's relevance, knowledge about 


Ribeiro et al, 2011) because it possesses several 
groups with high degrees of diversification, such as 
amphibians (Haddad et al., 2013). The Atlantic Forest 
contains 529 species of anurans (Haddad et al., 2013) . 
of the 1,039 species recorded for Brazil (Segalla et al., thie taxonomy, ecology and Bout ni PUO mov 
Atlantic Forest anurans remains incipient (Haddad 
et al., 2013). Although it is one of the most studied 


biomes, climatic and landscape variation inherent to 


2016). Therefore, half of the anuran's species recorded 
for Brazil occur in this biome, with 88% of them being 


endemic (Haddad et al., 2013). The high diversity,  . apis : i : 
its latitudinal extension produces extensive spatial 


variation in the species richness and composition of 
anuran communities (e.g., Bertoluci, 2001; Pombal 
and Haddad, 2005; Crivellari et al., 2014). Thus, many 
areas within the Atlantic Forest domain are still poorly 
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An example of such a priority area is the eastern 
3 Programa de Pós-Graduação em Ecologia e Conservação, S Die Oh SUC priory. area 1s : vaste 
Universidade Federal do Paraná. CEP 81531-980 Curitiba, slope of the Serra do Mar Paranaense (Paraná Coastal 
Paraná, Brazil. Mountain Chain) where knowledge about anuran 
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Figure 1. Study sites in the municipalities of Antonina (our study, X), Guaraqueçaba and Morretes, state of Paraná, Brazil. 
Morretes, Armstrong and Conte (2010) (1), Guaraqueçaba, Garey and Hartmann (2012) (2), and Santos-Pereira et al. (2016) (3). 


municipalities of Morretes (Armstrong and Conte, 
2010) and Guaraqueçaba (Garey and Hartmann, 2012; 
Santos-Pereira et al., 2016). This region has one of the 
richest anuran faunas in the state of Paraná, including 
a large number of endemic species and possesses great 
potential for the discovery of new species (e.g., Langone 
and Segalla, 1996; Pombal et al., 1998; Ribeiro et al., 
2005; Alves et al., 2006; Garey et al., 2012). 

In general, the first step in a conservation plan for 
amphibians is gathering knowledge about species 
and distribution. This 
information supports the development of conservation 


richness, | composition, 
strategies both at local and broader scales. The absence 
of this information makes it difficult not only to identify 
endemism, but also to determine the vulnerability of 
populations to different contemporary environmental 
impacts (Crivellari et al., 2014). Therefore, given the 
incipient state of knowledge about the anuran fauna 
in much of the area of Paraná, especially of coastal 
hillside and plane regions, our objective was to compile 
a regional listing of amphibian species that occur along 


the northern coast of the state of Paraná, Brazil. In this 
way, we aim to summarize information about species 
richness, composition, and natural history, and discuss 
taxonomic difficulties and conservation threats. 


Material and Methods 


The study area comprises the northern coast ofthe state 
of Paraná, specifically the municipalities of Antonina, 
Guaraqueçaba and Morretes (882.3 km?, 2,020 km? 
and 648.6 km?, respectively; Fig. 1). The climate of 
the region is subtropical humid mesothermic with hot 
summers (Cfa according to Kóppen; Alvares et al., 
2013). The region is inserted within the Atlantic Forest 
biome and the vegetation can be classified as Dense 
Ombrophylous Lowland Forest, Dense Ombrophylous 
Submontane Forest, restinga and mangrove (Maack, 
2012). The regional relief is flat with the occurrence 
of hills and geological formations of continental and 
coastal sediments formed by variation in sea level 
in the Quaternary during the Cananéia and Santos 
transgressions (Angulo, 2004). 
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Figure 2. Sampled environments: (A) permanent pool in open area, (B) permanent march in open area, (C) first order river in 


the forest interior, and (D) first order creek in the forest interior in the RPPN Guaricica in the municipality of Antonina, Parana, 


Brazil. 


Database.—The regional species list was compiled 
based on field records, data from specimens deposited 
in museums and literature records for the municipalities 
of Antonina, Guaraquecaba and Morretes (Fig. 1). We 
conducted a systematic inventory for Antonina, because 
there was no species list for this site. 


Field surveys —We_ performed twelve biweekly 
samplings (two nights each, 17 to 24 hours) between 
October 2016 and March 2017 with three researchers for 
a total sampling effort of 252 person hours of sampling. 
All sampling took place in Reserva Particular do 
Patrimonio Natural (RPPN) - Reserva Natural Guaricica 
(northern limit 25?24' S 48°64 W southern limit 25°41°S 
48°74 W), which belongs to the Sociedade de Pesquisa 
em Vida Selvagem e Educação Ambiental (SPVS). 
Four 5-km sampling transects were established in the 


area, each encompassing forest and reproductive sites 
such as swamps, permanent pools, rivers and streams. 
Specifically, we sampled: (a) four permanent pools in 
the forest interior, (b) six marshes with shrub vegetation 
in the interior and arboreal vegetation on the banks, and 
(c) 10 streams with rocky substrates in the interior of a 
forest fragment (Fig. 2). 

We applied visual and acoustic surveys at reproductive 
sites (e.g., Scott Jr and Woodward, 1994; Zimmerman, 
1994). Initially the reproductive sites were sampled 
for 10 minutes to identify species by vocal activity. 
Subsequently, active searches were performed along 
predetermined transects. During sampling, specimens 
were located, photographed and released. When 
species identification was not possible in the field using 
morphological characteristics, calls were recorded 
and the individual collected to assist in identification. 
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The collected specimens were euthanized according 
to Resolution N?301, of 8 December 2012, Conselho 
Federal de Biologia and were registered in the scientific 
herpetological collection of the Museu de Historia 
Natural Capão da Imbuia (MHNCI). The study was 
conducted under environmental authorization n? 23536- 
] of ICMbio. 


Museum and literature records.—For the compilation 
of museum data, herpetological collections were 
consulted through the online database speciesLink, and 
included records from Museu de Ciéncias e Tecnologia 
da Pontifícia Universidade Católica do Rio Grande do 
Sul (MCP-PUCRS), Centro de Coleções Taxonómicas 
da Universidade Federal de Minas Gerais (UFMG- 
ICB), Coleção “Célio F. B. Haddad” da Universidade 
Estadual Paulista campus Rio Claro (CFBH), Coleção 
de Anfibios adultos da Universidade Estadual Paulista 
campus Sao José do Rio Preto (DZSJRP) and Coleção 
de Anfíbios do Museu de Zoologia da Universidade 
Estadual de Campinas (ZUEC). In addition, the 
collections of Museu de História Natural Capao da 
Imbuia (MHNCI) and Museu Nacional do Rio de 
Janeiro (MNRJ) were visited. 

Through the collection of bibliographical and 
museum data, 1,547 records were obtained, of which 
1,433 were from museums and 114 from the literature. 
Of this total, 164 specimens (158 museum, six of 
literature) were considered dubious and, therefore, 
were not included in the analyses. These records 
represent taxa with no known distribution in the study 
region. These taxa were: Aplastodiscus albofrenatus 
(Lutz, 
1871), Brachycephalus | ephippium 


1924), Bokermannohyla circumdata (Cope, 
(Spix, 1824), 
Dendropsophus jimi (Napoli and Caramaschi, 1999), 
Ischnocnema manezinho (Garcia, 1996), Leptodactylus 
bolivianus Boulenger, 1898, Ololygon angrensis 
(Lutz, 1973), Rhinella henseli (Lutz, 1934) and Scinax 
cuspidatus (Lutz, 1925). 

In our analyses, taxa with names including “cf.”, 
"aff" or "gr.", indicating an uncertainty taxonomy, 
were allocated conservatively to their respective units 
of taxonomic groups (e.g. Adenomera gr. marmorata, 
Adenomera gr. bokermanni, Ololygon gr. perpusilla 
and Ololygon gr. catharinae). Specimens deposited 
with nomenclature prior to more recent taxonomic 
studies (e.g. Leptodactylus ocellatus (Steffen, 1815) and 
Physalaemus olfersii (Lichtenstein and Martens, 1856) 
had their nomenclature revised and updated according 
to Frost (2017). 
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Analysis data.—Due to the large number of records 
with taxonomic uncertainty (aff, cf. and gr) we 
quantified the amount of taxonomic uncertainty of each 
taxon. For this, all individuals recorded with “aff., cf. 
and gr." were quantified and their proportion in relation 
to all the records of their taxonomic unit determined. 
Then, we create an Index of Taxonomic Uncertainty 
(ITU). The ITU was calculated using the following 
formula: ITU = (nI/hTI) x 100; where nI is the number 
of individuals with uncertain taxonomy and nTI is the 
total number of individuals of the taxon. 

Threatstatus was determinedaccording to international, 
national and regional criteria, and population trends 
were indicated for each species. Population trends and 
international threatened status for each species was 
based on data available from the IUCN “Red List of 
Threatened Species version 2016.3" (IUCN, 2017). The 
database at the national level followed Ordinance n? 
444 of 17 December 2014 (Brazil, 2014) and regionally 
followed Livro Vermelho da Fauna Ameagada no 
Estado do Paraná (Mikich and Bérnils, 2004) and Livro 
Vermelho da Fauna Ameagada no Estado de Sao Paulo 
(Bressan et al., 2009). 

In relation to natural history attributes of the species, 
we verified how many and which reproductive modes 
occurred regionally. For each species the classification 
and description ofthe reproductive mode was determined 
according to the Box 1 of Haddad and Prado (2005). 


Results 


A total of 1,417 individuals were recorded (34 field, 
1,275 museum and 108 literature). These records 
represent 81 taxa, with 63 at the species level and 18 
at the level of taxonomic groups (e.g. A. gr. marmorata 
and Ischnocnema gr. guentheri) distributed among 
13 families. The genera with the greatest number of 
groups were Ischnocnema (4 groups), and Ololygon and 
Hylodes (3 groups each) followed by Cycloramphus, 
Fritziana, Leptodactylus and Physalaemus (one group 
each). Groups with the lower ITU were Hylodes cf. 
cardosoi (ITU = 2.88%), Scinax cf. tymbamirim (ITU = 
8.19%) and S. gr. alter (ITU = 8.82%), and with higher 
ITU were Adenomera gr. marmorata (ITU = 82,14%), 
Ololygon gr. catharinae (ITU = 96.73%) and H. cf. 
asper (ITU = 100%) (Table 1). 

The municipality of Morretes has the greatest species 
richness with 67 taxa (55 species and 11 groups), 
followed by Guaraqueçaba with 61 taxa (45 species 
and 16 groups) and Antonina with 43 taxa (39 species 
and 4 groups) (Table 1). Considering only individuals 
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Table 1. Species records for Antonina (ANT), Guaraqueçaba (GUA) and Morretes (MOR) showing the Number of records (NR), 
Degree of taxonomic uncertainty (DTU), Reproductive modes (RM), IUCN Red List of Threatened Species, Current Population 
Trend (CPT) and Threated species red book for Parana and Sao Paulo State (LVR). IUCN Red List of Threatened Species was 
coded as follow: Least Concern (LC) and data deficient (DD). The Current Population Trend is categorized as: unknown (?), 
stable (Stb), increasing (Inc), decreasing (Dec). Species in the Threatened species red book for Parana and Sao Paulo State were 
classified as: Endangered (EN) or data deficient (DD). Source of information of the records of species anurans: M, Museum; X, 
This paper; 1, Armstrong and Conte 2010; 2, Garey and Hartmann 2012; 3, Santos-Pereira et al., 2016. The symbol “-“ were used 
when there was no available information. 


Taxon ANT GUA MOR NR DTU RM IUCN LVR CPT 
Brachycephalidae 
Brachycephalus ferruginus Alves, Ribeiro, Haddad and dos Reis, 2006 - - M 18 - 23 DD - ? 
B. hermogenesi (Giaretta and Sawaya, 1998) - M; 3 - JU - 23 LC - Stb 
B. izecksohni Alves Haddad and dos Reis, 2005 - - M 15 - 23 DD - ? 
B. tridactylus Garey, Lima, Hartmann and Haddad, 2012 - M;2;3 - 4 - 23 - - - 
Ischnocnema guentheri (Steindachner, 1864) X;M M;2 M 35 - 23 LC - Stb 
I. gr. guentheri M 2 Mil 5 12,50 - - - - 
I. cf. paranaensis - - M - - - - - 
I. cf. spanios - 3 - - - - - - 
I. gr. lactea - 3 - - - - - - 
I. henselii (Peters, 1872) X 3 - 2 - 23 LC - 2 
I. sambaqui (Castanho and Haddad, 2000) X M; 3 1 4 - 23 DD DD ? 
Bufonidae - 
Dendrophryniscus berthalutzae \zecksohn, 1994 “1993” - M; 2;3 - 3 - 8 LC - Dec 
D. leucomystax Izecksohn, 1968 X M;2;3 M 17 - 1? LC - Dec 
Rhinella abei (Baldissera-Jr, Caramaschi and Haddad, 2004) X;M M;2;3 M;1 40 - lor2 LC - ? 
R. hoogmoedi Caramaschi and Pombal, 2006 M M; 2; 3 M 26 - T LC - ? 
R. icterica (Spix, 1824) X M;2;3 M; 1 14 - lor2 LC - Stb 
Centrolenidae - 
Vitreorana uranoscopa (Müller, 1924) - 2 1 2 - 25 LC DD Dec 
Craugastoridae - 
Haddadus binotatus (Spix, 1824) X;M . M;2;3 M 35 - 23 LC - Stb 
Cycloramphidae - 
Cycloramphus asper Werner, 1899 - - M 3 - nc DD - Dec 
C. cf. asper - 3 - 1 25 - - - 
C. lutzorum Heyer, 1983 - M M 2 - 19 DD DD Dec 
C. mirandaribeiroi Heyer, 1983 - M;3 - 2 - nc DD DD ? 
C. rhyakonastes Heyer, 1983 - - M 27 - 19 LC DD ? 
Hemiphractidae - 
Fritziana fissilis (Miranda Ribeiro, 1920) X;M - M 3 - 36 LC - Stb 
F. gr. fissilis - 2 - 1 25 - - - - 
Gastrotheca microdiscus (Andersson in Lónnberg and Andersson, 1910) - M;3 M 4 - 37 LC DD Dec 
Hylidae - 
Aplastodiscus albosignatus (A. Lutz and B. Lutz, 1938) - M; 3 M 7 - 5 LG - Dec 
A. ehrhardti (Müller, 1924) X - M; 1 3 - ne LC DD Dec 
Bokermannohyla hylax (Heyer, 1985) X;M M;2;3 M; 1 27 - 4 LC - Dec 
Dendropsophus berthalutzae (Bokermann, 1962) X;M M;2;3 M; 1 51 - 24 LC - Dec 
D. elegans (Wied-Neuwied, 1824) X;M M;2 M; 1 45 - 1 LC - Stl 
D. microps (Peter, 1872) X 2 i 3 - 1 LC - St 
D. minutus (Peter, 1872) X;M M;2 M; 1 25 - 1 LC - Stl 
D. nahdereri (B. Lutz and Bokermann, 1963) X - - 1 - 1 LC - Stl 
D. seniculus (Cope, 1868) - M; 2 - 2 - 1 LC - Stl 
D. werneri (Cochran, 1952) X;M 2 M 97 - 1i LC - Stl 
Hypsiboas albomarginatus (Spix, 1824) X;M M;2;3 M; 1 26 - 1 LC - Stl 
H. bischoffi (Spix, 1824) M - Mil 8 - 1 LC - Sti 
H. faber (Wied-Neuwied, 1821) X;M M;2;3 Mil 19 - lor4 LC - Stl 
H. semilineatus (Spix, 1824) M M;2;3 M 32 - lor2 LC - Stl 


Itapotihyla langsdorffii (Duméril and Bibron, 1841) X M;3 M 6 - jl LC - Dec 
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Table 1. Continued. 


Taxon ANT GUA MOR NR DTU RM IUCN LVR CPT 
Ololygon argyreornata (Miranda-Ribeiro, 1926) M 2 M 39 - 1 LC - Stb 
O. gr. argyreornata - M;3 1 5 11,36 - - - - 
O. perpusilla (A. Lutz and B. Lutz, 1939) X - M 2 - 6 LC - Stb 
O. gr. perpusilla - 2;3 1 3 60 - - - - 
O. catharinae (Boulenger, 1888) - - M 3 - 1 LC - Stb 
O. gr. catharinae M M M 89 96,73 - - - - 
O. littoralis (Pombal and Gordo, 1991) X;M = M;2;3 M; 1 23 - 1 LC - Dec 
O. rizibilis (Bokermann, 1964) - - Mil 21 - 11 LC - Dec 
Scinax fuscovarius (A. Lutz, 1925) X;M M;2;3 Mil 10 - 1 LC - Stb 
S. perereca Pombal, Haddad and Kasahara, 1995 X M; 2;3 M; 1 7 - 1 LC - ? 
S. tymbamirim Nunes, Kwet and Pombal, 2012 X;M M M 56 - 1 - - - 
S. cf. tymbamirim - M;3 M 3 8,19 - - - - 
S. imbegue Nunes, Kwet and Pombal, 2012 X;M - M 11 - 1 - - - 
S. cf. imbegue - - M 18 62,06 - - - - 
Trachycephalus mesophaeus (Hensel, 1867) X M;2;3 Mil 29 - 1 LG - Stb 
Hylodidae - 
Crossodactylus caramaschii Bastos and Pombal, 1995 - M;3 M 7 - 3 LC - Stb 
Hylodes aff. asper - 2 M 8 100 - - - - 
H. cardosoi Lingnau, Canedo and Pombal, 2008 - M;3 M 101 - 3 LC - ? 
H. cf. cardosoi - M M 3 2,88 - - » 
H. heyeri Pombal and Bastos, 1996 X;M 2 M; 1 45 - 3 DD - Dec 
H. cf. heyeri - M;3 - 5 10 - - - - 
Leptodactylidae - 
Adenomera bokermanni (Heyer, 1973) M M M 18 - 32 LC - 
A. gr. bokermanni X;M M;2;3 M; 1 10 35,71 - - - - 
A. marmorata (Steindachner, 1867) X;M 2:3 M 5 - 32 Lc - Stb 
A. gr. marmorata M M; 2 - 23 82,14 - - - - 
Leptodactylus latrans (Steffen, 1815) XM M;2;3 M 10 - 11 LC - Stb 
L. gr. latrans - M M; 1 3 23,07 - - - - 
L. mystacinus (Burmeister, 1861) M M M 4 - 30 LC - Stb 
L. notoaktites Heyer, 1978 X;M M;2;3 Mil 43 - 30 LC - Stb 
Physalaemus lateristriga (Steindachner, 1864) - - M 8 - 1 LC - Stb 
P. gr. lateristriga - 2 1 2 20 - - - - 
P. cuvieri Fitzinger, 1826 - M 1 2 - 11 LC - Stb 
P. maculiventris Lutz, 1925 - - M 1 - 1 LC DD Dec 
P. spiniger (Miranda-Ribeiro, 1926) - M; 2;3 - 102 - 11, 14, 28 Le - Dec 
Scythrophrys sawayae (Cochran, 1953) - - M 1 - 1 LC DD Dec 
Microhylidae - 
Chiasmocleis leucosticta (Boulenger, 1888) - - M 7 - 0 LC DD Stb 
Elachistocleis bicolor (Valenciennes in Guérin-Menéville, 1838) X - M;l 3 - 1 LC - Stb 
Odontophrynidae - 
Proceratophrys boiei (Wied-Neuwied, 1825) X;M = M;2;3 M;1 23 - lou2 LC - Stb 
Phyllomedusidae - 
Phyllomedusa distincta A. Lutz in B. Lutz, 1950 X;M M5;2;3 M;1 36 - 24 LC - Dec 
Ranidae - 
Lithobates catesbeianus (Shaw, 1802) - - 1 1 - 1 LC - Inc 


identified to the species level, the families with the ^ Odontophrynidae, Phyllomedusidae and Ranidae had 
highest species richness were Hylidae (26 species) only one species recorded each. 

Leptodactylidae (10 species) Brachycephalidae (7 Regarding the geographic distribution of the species, 
species), Bufonidae (5 species) and Cycloramphidae 31 occurred in all three municipalities sampled and 14 
(4 species); the families Craugastoridae, Centrolenidae, occurred in two. On the other hand, 11 species were 
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Figure 3. Species of anurans recorded in the municipality of Antonina, state of Parana, Brazil. (1) Adenomera bokermanni, (2) 
Adenomera marmorata, (3) Aplastodiscus ehrhardti, (4) Boana faber, (5) Dendrophryniscus leucomystax, (6) Dendropsophus 
berthalutzae. 
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Figure 3. Continued. (7) Dendropsophus elegans, (8) Dendropsophus minutus (9) Fritziana fissilis, (10) Haddadus binotatus, 


(11) Hylodes heyeri, (12) Ischnocnema henselii. 
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Figure 3. Continued. (13) Ischnocnema sambaqui, (14) Itapotihyla langsdorffii, (15) Leptodactylus latrans, (16) Leptodactylus 
notoaktites,(17) Ololygon littoralis, (18) Ololygon perpusilla. 
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Figure 3. Continued. (19) Phyllomedusa distincta, (20) Proceratophrys boiei, (21) Rhinella abei (22) Rhinella icterica, (23) 


Scinax tymbamirim and (24) Trachycephalus mesophaeus. 
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recorded only for Morretes, six only for Guaraqueçaba 
and one species only for Antonina (Table 1). Historically, 
780 of the museum records were collected in the 
municipality of Morretes between 1946 and 2015. For 
Guaraqueçaba, 223 individuals were collected between 
1990 and 2015, and for Antonina 139 records were 
collected between 1986 and 2008 (Fig. 4). 

The recorded species (n-63) have 19 reproductive 
modes (Table 1). Among the reproductive modes, Mode 
1 (eggs and exotrophic tadpoles in lentic water) was 
performed by 21 species, Mode 23 (direct development 
of terrestrial eggs) by 8 species and Mode 11 (foam nest 
floating on pond; exotrophic tadpoles in ponds) by 5 
species. Reproductive modes 4, 5, 6, 8, 10, 25, 36 and 37 
were performed by only one species. Most species had 
only one reproductive mode; however, 7% (6 species) 
had more than one reproductive strategy (reproductive 
mode), with 4 species executing both Modes 1 and 
2. The reproductive modes for Cycloramphus asper 
Werner, 1899, Cycloramphus mirandaribeiroi Heyer 
1983 and Aplastodiscus ehrhardti Muller 1924 are not 
known (Table 1). 

According to the IUCN list, 53 species are categorized 
as “LC” (least concern) and 7 species as “DD” (data 
deficient), while for three species the conservation status 
had not been determined (Brachycephalus tridactylus 


Numbers of records 


Antonina 


»——-----7 


Guaraquecaba 
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Garey, Lima, Hartmann, and Haddad, 2012, Scinax 
imbegue Nunes, Kwet and Pombal, 2012 and Scinax 
tymbamirim Nunes, Kwet and Pombal, 2012). None of 
the species recorded were listed as endangered at the 
national level. However, 10 species are reported as DD 
for the state of Paraná or the state of Sáo Paulo (Table 
1). 

In terms of population status, 31 species have 
populations considered stable, 18 species have declining 
populations and 10 species have unknown population 
status; only one species had a population increase 
(Lithobates catesbeianus Shaw, 1802). Of the species 
that possess population declines, 16 occur in Morretes, 
13 in Guaraqueçaba and 8 in Antonina (Table 1). The 
majority of species experiencing population declines 
were present in all sites. However, Scythrophrys 
sawayae (Cochran, 1953), Physalaemus maculiventris 
(Lutz, 1925), Ololygon rizibilis (Bokermann, 1964) and 
Cycloramphus asper Werner, 1899 were recorded only 
from Morretes and Physalaemus spiniger (Miranda- 
Ribeiro, 1926) only from Guaraqueçaba. 


Discussion 


The species richness we recorded 
approximately 45% and 12% of the amphibian species 


recorded for the state of Paraná (n = 142) and Atlantic 
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Figure 4. Number of museum records according to year from the municipalities of Morretes (dotted line), Guaraqueçaba (gray 


line) and Antonina (black line). 
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Forest (n=529), respectively (Conte et al., 2010; Haddad 
et al., 2013). It demonstrates the importance of the 
coastal region for the conservation of the anuran fauna 
of Parana and the Atlantic Forest. The high regional 
richness recorded can be attributed to the presence of 
environmental heterogeneity (e.g. topography and 
vegetation), which provides a diversity of environments 
for the execution of biological activities such as 
reproduction (Wells, 2007; Haddad et al., 2013). Because 
of the environmental heterogeneity, we highlight the 
presence of B. tridactylus, which is restricted to high 
elevations (Garey et al., 2012). In addition, the study 
area is located in the largest continuous portion of 
existing Atlantic Forest and possesses variation in forest 
formations (Dense Ombrophylous Lowland forest, 
Dense Ombrophylous Submontane Forest, restinga 
and mangroves; Maack, 2012), which favours the co- 
occurrence of a greater number of species on a regional 
scale (Stein et al., 2014). 

Considering that the and that 
phytogeographic, topographic 
characteristics are similar throughout the study area 


spatial scale 


climatic and 
(Angulo, 2004), the differences in species richness and 
exclusive species among the three localities should 
be considered as a product of historical differences in 
sampling efforts, reflected in museum collections and 
the occurrence of medium and long-term systematic 
studies. The municipality of Morretes has the largest 
temporal sampling effort, with museum records covering 
approximately 70 years (since 1946). On the other 
hand, sampling in the municipalities of Antonina and 
Guaraqueçaba began in 1986 and 1990, respectively. 
Likewise, the municipalities in which there have been 
systematic field studies (Morretes and Guaraqueçaba) 
have greater species richness. Thus, Morretes was 
expected to possess the greatest regional richness, given 
the conditions described above. 

The specimens determined as "aff, cf. and gr." 
indicate difficulty in identification due to the shortage, 
or lack of uniformity, of characters for identification 
and precise diagnosis of specific units, since it is not 
possible to perform complementary character analysis 
such as for vocalization or molecular data. This can be 
seen in our results by genera that possess taxonomic 
groups (e.g. Ololygon, Scinax and Hylodes) and species 
with high ITU (Ololygon gr. catharinae and Adenomera 
gr. marmorata). In this context, taxonomic groups with 
high ITU should be a priority for the development of 
future taxonomic studies. 

Forty percent of Brazilian amphibian species have 
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been described in the last 26 years (Pyron and Wiens, 
2011), due in part to in part to inventories of areas not 
previously studied and by the development of studies 
based on integrative. taxonomy (e.g. morphology 
and molecular). Efforts of this nature may reveal that 
the taxonomic units recorded in the present study are 
actually species complexes. The potential application of 
studies in this direction is highlighted by the taxonomic 
revision of the S. alter group, in which it was possible 
to distinguish two taxonomic units (S. imbegue and S. 
tymbamirim; Nunes et al., 2012). It should be noted that 
geographic distribution patterns cannot be attributed to 
groups with imprecise taxonomic delimitation, in spite 
of this it is a fundamental criterion for the evaluation of 
the conservation status of species and the vulnerability 
of populations. 

The reproductive modes recorded represents about 
50% of the modes described for Atlantic Forest anurans 
(n = 39; Haddad et al., 2013). Most species have 
reproductive modes considered generalist (e.g. Mode 1), 
but several species have more specialized reproductive 
modes (e.g., Modes 4 and 5; Haddad et al., 2013). The 
topographic heterogeneity of the Atlantic Rainforest 
allowed anurans to occupy several reproductive sites, 
although the generalist reproductive modes are the 
most common (Haddad and Prado, 2005). Our results 
fits well this hypothesis of environmental variation as 
a driver of reproductive mode diversity since we found 
both, common and specialized modes, as predicted. 

The record of the invasive species L. catesbeianus 
(North American bullfrog) is of particular conservation 
interest because this species can affect native species 
directly via predation of birds, reptiles, fish and anurans 
(Leivas et al., 2012). Indirectly it can impact other 
species through acoustic competition (Both and Grant, 
2012) and the transmission of pathogens, such as the 
fungus Batrachochytrium dendrobatidis, which causes 
chytridiomycosis, a disease indicated as one of the 
main threats to amphibians worldwide (Schloegel et al., 
2009; Silva Lisboa et al., 2013; Ruggeri et al., 2015). 
The threat of chytridiomycosis is of particular concern 
since infected anurans have already been recorded in the 
municipality of Morretes (Vieira et al., 2012). 

The populations of most species are considered stable; 
however, species with declining populations, as well 
as species with unknown population status, were also 
recorded. In general, 90% of the species with a tendency 
of population decline occur in the municipality of 
Morretes, as well as the majority of specimens with 
unknown population status. Thus, it is of fundamental 
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importance to carry out populations studies (short, 
medium and long-term) that define, based on population 
dynamics, the effective status of these populations and 
identify the key factors in their dynamics, as well as 
studies that address aspects of basic population biology 
such as the number of individuals and the sex ratio (Lips 
et al., 2005; Gascon et al., 2007; IUCN, 2017). 

The absence of species endangered at the global, 
national or state level may be due to the low detectability 
inherent to species with small populations, or to a real 
absence from the study sites (McInerny et al., 2006; 
Akmentins et al., 2012; IUCN, 2017). The occurrence 
of species categorized as “DD” indicates the need to 
prioritize studies of these species to determine their 
actual degree of current threat (Gascon et al., 2007). 

In general, our data showed that the northern coast of 
Parana possesses high species richness and endemism 
of anurans with populations experiencing declines 
and species with populations categorized, or not, to 
degree of threat. The high species richness, but also 
declining populations, suggest that research actions in 
the studied region should be intensified, particularly 
basic and conservation research. Basic research, such as 
systematized surveys, studies of population dynamics 
and revisions of groups with high degrees of taxonomic 
uncertainty, are the main component to develop 
conservation plan at both the local anuran fauna and the 
Atlantic Forest biome. 
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Appendix 1 


The reference specimens can be found in Museu 
de Ciéncias e Tecnologia da Pontificia Universidade 
Católica do Rio Grande do Sul (MCP-PUCRS), Centro 
de Coleções Taxonómicas da Universidade Federal 
de Minas Gerais (UFMG-ICB), Coleção “Célio F. B. 
Haddad" da Universidade Estadual Paulista campus 
Rio Claro (CFBH), Coleção de Anfibios adultos da 
Universidade Estadual Paulista campus Sào José do Rio 
Preto (DZSJRP) and Colecáo de Anfíbios do Museu 
de Zoologia da Universidade Estadual de Campinas 
(ZUEC), Museu de Historia Natural Capao da Imbuia 
(MHNCI) and Museu Nacional do Rio de Janeiro 
(MNRJ): 

Antonina: MHNCI: Adenomera bokermanni — 1490- 
93. Adenomera gr. bokermanni — 2548. Adenomera gr. 
marmorata — 6181. Adenomera marmorata — 4770. 
Boana albomarginata — 1275; 2537; 3099; 4773. 
Boana bischoffi — 4738-39. Boana faber — 1234- 
35; 4798. Boana semilineata — 1157; 1158; 4778. 
Bokermannohyla hylax — 1096-97. Crossodactylus sp. 
— 1600-01. Dendropsophus berthalutzae — 1586-91. 
Dendropsophus elegans — 1416-21; 2545-46; 4794-95. 
Dendropsophus minutus — 1506-07; 2543-44; 4801. 
Dendropsophus werneri — 1462-76; 2547; 4779; 4792- 
93; 4800. Haddadus binotatus — 1126. Hylodes heyeri 
— 2542. Ischnocnema gr. guentheri — 1125; 1256. 
Ischnocnema guentheri — 1257. Leptodactylus latrans 
— 4769; 4797. Leptodactylus mystacinus — 2539-40. 
Leptodactylus notoaktites — 1222; 4768; 4772; 4788. 
Ololygon argyreornata — 1555. Ololygon gr. catharinae 
—1313-19; 1354-56. Ololygon littoralis -A774-77;4791; 
4805. Phyllomedusa distincta — 1187-90; 2541; 4789. 
Physalaemus sp. — 4740. Proceratophrys boiei — 1128; 
1834; 2538; 4920-21. Rhinella abei — 1107-12; 2536; 
4804. Rhinella crucifer — 4322. Rhinella hoogmoedi 
— 1120-21. Rhinella sp. — 4771. Scinax alter — 4780-87; 
4796; 4799; 4802-03. Scinax fuscovarius — 4790. Scinax 
gr. x-signatus — 1199-04. Scinax imbegue — 1395; 1397. 
Scinax tymbamirim — 1382-83; 1396. MNRJ: Rhinella 
abei — 1788. CFBH: Adenomera gr. marmorata — 
11056. Bokermannohyla sp. — 11060. Dendropsophus 
berthalutzae — 23194-95. Dendropsophus elegans 
— 11065. Dendropsophus werneri — 11066; 23190. 
Fritziana fissilis — 11106. Haddadus binotatus — 11057; 
11059. Leptodactylus latrans — 11064. Leptodactylus 
notoaktites — 12361. Ololygon gr. catharinae — 11055. 
Phyllomedusa distincta — 11067-68. Proceratophrys 
boiei — 11058; 23192-93. Rhinella abei — 11061-63. 
Rhinella henseli — 23191. 
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Guaraqueçaba: MHNCI: Adenomera gr. bokermanni 
— 2482; 9857-58; 9863. Adenomera gr. marmorata 
— 7021-22; 7078-80; 7084-85; 7087; 7092-94; 7108- 
09; 9859-62; 9864. Aplastodiscus albosignatus 
— 9865. Boana albomarginata — 2465; 9890-92. 
Boana faber — 2462; 4807. Boana semilineata — 2468; 
9893-94. Bokermannohyla hylax — 2854; 9866. 
Brachycephalus hermogenesi — 7082-83; 7088; 7095; 
7100; 7106. Brachycephalus tridactylus — 9867. 
Crossodactylus caramaschii — 9868-72. Cycloramphus 
lutzorum — 2851. Cycloramphus | mirandaribeiroi 
— 9873. Dendrophryniscus berthalutzae — 9874. 
Dendrophryniscus leucomystax — 2154; 2359; 2479; 
2481; 4925; 7033; 9875. Dendropsophus berthalutzae 
— 9876-77. 2470. 
Dendropsophus minutus — 2124, 2476. Gastrotheca 
microdiscus — 9878-79. Haddadus binotatus — 2469; 
2487-90; 7089; 7110; 9880. Hylodes cardosoi — 9881- 
84. Hylodes cf. cardosoi — 9885. Hylodes cf. heyeri 
— 9886-89. Hylodes sp. — 2852-53. Ischnocnema 
guentheri — 7027-31; 7081; 7086; 7091; 7097-99; 
7101-02; 7105; 7107. Ischnocnema sambaqui — 9897. 
Ischnocnema sp. — 9895-96; 9898-99. Itapotihyla 
langsdorffii — 2463; 9900-01. Leptodactylus gr. latrans 
— 2484. Leptodactylus latrans — 9902. Leptodactylus 
mystacinus — 2483. Leptodactylus notoaktites — 2119; 
4812; 9903. Ololygon gr. argyreornata—9911-12; 9918. 
Ololygon gr. catharinae — 2474-75. Ololygon littoralis 
— 7023; 9913; 9916-17. Phyllomedusa distincta — 2118; 
2464. Physalaemus cuvieri — 2156. Physalaemus sp. — 
1719-20; 2122-23; 2155. Physalaemus spiniger — 4808- 
10; 4926; 7090; 7096; 7103; 9904-06. Proceratophrys 
boiei — 7024-26. Rhinella abei — 2461; 7104; 9907; 
9908. Rhinella crucifer — 2485. Rhinella hoogmoedi 
— 2466-67; 2477; 4923-24. Rhinella icterica — 4922. 
Rhinella sp. — 2358. Scinax cf. tymbamirim — 9920. 
Scinax fuscovarius — 9914-15. Scinax perereca — 4811; 
9919. Scinax sp. — 2120-21; 2473; 2486; 2953-56. 
Scinax tymbamirim — 2153; 2471-72. Trachycephalus 
mesophaeus — 4813; 9921. MNRJ: Dendropsophus 
minutus — 15641. Haddadus binotatus — 37008; 371008. 
Boana faber — 31581. Leptodactylus latrans — 29636- 
37. Phyllomedusa distincta — 10090-93; 33759; 
54652. Rhinella abei — 22243-46. Rhinella icterica 
— 43472-74. CFBH: Adenomera bokermanni — 3835. 
Brachycephalus tridactylus — 29398. Cycloramphus 
sp. — 22625. Dendropsophus berthalutzae — 7101. 
Eleutherodactylus sp. — 2934-36. Haddadus binotatus 
— 22622. Phyllomedusa distincta — 13558. Rhinella 
abei — 22623-24. Rhinella hoogmoedi — 4239-42. 


Dendropsophus elegans — 
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DZJRP: Adenomera gr. marmorata — 13230-31. 
Dendrophryniscusleucomystax—13229. Dendropsophus 
seniculus — 10933. Rhinella hoogmoedi — 13228. ZUEC: 
Physalaemus spiniger — 14508-22; 14555-78; 16253- 
58; 16464-96; 16606; 17201-09; 17216-17. 

Morretes: MHNCI: Adenomera bokermanni — 498; 
1483-89; 1777-84. Adenomera marmorata — 6861. 
Adenomera sp. — 1776-97; 1835; 2976. Aplastodiscus 
ehrhardti — 1477. Boana albomarginata — 450; 500- 
01; 1267-74; 1828. Boana faber — 1232-33. Boana 
semilineata — 449; 463; 465; 483; 1150-56; 1159- 
62; 4301-03. Bokermannohyla hylax — 1090-95; 
3306; 4819; 6507-10. Brachycephalus ephippium 
— 125; 128. Chiasmocleis leucosticta — 1592-97. 
Crossodactylus sp. — 1599; 
lutzorum — 6588. Cycloramphus rhyakonastes — 6511- 


1602. Cycloramphus 


12. Dendrophryniscus leucomystax — 1608; 1833; 
4330. Dendrophryniscus sp. — 1612. Dendropsophus 
berthalutzae — 439; 451; 1556-85. Dendropsophus 
elegans — 1399-15. Dendropsophus minutus — 1494- 
05; 1730. Dendropsophus werneri — 452; 466; 494- 
96; 1422-61; 4850-70. Haddadus binotatus — 472-73; 
772-73; 1123-24; 1127; 1250; 1726-29; 1775; 1963; 
2534. Hylodes aff. asper — 4325-31. Hylodes cardosoi 
— 1258-64. Hylodes cardosoilheyeri — 104; 107-11. 
Hylodes heyeri — 475; 1131-35; 4304; 4660-69; 4821; 
4828-29; 6582. Hylodes sp. — 1859. Ischnocnema gr. 
guentheri — 1255. Ischnocnema guentheri — 94; 95; 
474; 1249; 1251-54; 1722-25; 1779; 2866; 4300; 6860. 
Itapotihyla langsdorffii — 454. Leptodactylus gr. latrans 
— 1721. Leptodactylus latrans — 4305. Leptodactylus 
mystacinus — 3185. Leptodactylus notoaktites — 59; 
60; 446-48; 477-82; 502; 1213-20; 1781-82; 1800- 
03; 1816-17; 4824. Ololygon argyreornata — 471; 
493; 1519-52; 1895. Ololygon catharinae — 1553-54; 
2989. Ololygon gr. catharinae — 1277-353; 1829 -30; 
1863-66. Ololygon littoralis — 4832. Ololygon rizibilis 
— 433-37; 455; 457-58; 464; 467-68; 4833-34; 6581. 
Phyllomedusa distincta — 1177-56; 4315-16; 6505. 
Physalaemus lateristriga — 2975; 6862. Physalaemus 
maculiventris — 1606. Proceratophrys boiei — 1130; 
1894; 2375; 4349. Rhinella abei — 1102-06; 1832; 1867; 
4822; 6506. Rhinella hoogmoedi — 459; 469; 470; 607; 
775; 1115; 1117-19; 4820; 6863. Scinax alter -461;487- 
89; 491-92; 497; 4823. Scinax cuspidata — 1393. Scinax 
fuscovarius — 438; 453; 4306. Scinax gr. x-signatus 
— 1194-98; 1831. Scinax imbegue — 505; 1357; 1359; 
1363; 1371-72; 1377;1398. Scinax imbegue/tymbamirim 
— 1827. Scinax tymbamirim — 432; 456; 460; 462; 484- 
86; 490; 503-04; 1358; 1360-70; 1373-76; 1378-81; 
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1384-92; 1394; 1821-26. Scythrophrys sawayae — 1607; 
Trachycephalus mesophaeus — 441-45; 781; 1163-76; 
4317. MNRJ: Aplastodiscus albosignatus — 30382- 
86. Boana semilineata — 29763-64. Bokermannohyla 
circumdata — 18836. Cycloramphus asper — sem 
numero; Dendropsophus elegans — 29756-57; 30377- 
81. Gastrotheca microdiscos — 47955. Hylodes cardosoi 
- 41827-36; 45594-606. Hylodes heyeri — 39240- 
48; 39294; 40266-71; 41826; 41968. Leptodactylus 
notoaktites — 20217. Rhinella icterica — 31798. MCP- 
PUCRS: Boana albomarginata — 8540-41. Boana 
faber — 2093. Dendropsophus elegans — 1943. Hylodes 
heyeri — 8902. Leptodactylus sp. — 1945. Phyllomedusa 
distincta — 8518. Rhinella abei — 1944. Scinax perereca 
- 1942. UFMG-ICB: Crossodactylus caramaschii 
— 17437. Cycloramphus rhyakonastes — 405. CFBH: 
Adenomera gr. bokermanni — 23182. Boana bischoffi 
— ]2411; 21925-28. Boana semilineata — 21310; 
23180; 27474-75. Bokermannohyla hylax — 21923- 
24. Bokermannohyla sp. — 21242. Brachycephalus 
ferruginus — 8024-41. Brachycephalus izecksohni 
— 7374-88. Cycloramphus rhyakonastes — 18097- 
100. Cycloramphus sp. — 22568-70. Dendropsophus 
berthalutzae — 21308-09; 8112. Dendropsophus 
elegans — 21300; 27472-73. Dendropsophus jimi — 
23164. Dendropsophus werneri — 64; 65; 23174; 23184. 
Elachistocleis bicolor — 23163. Haddadus binotatus 
— 21304-05. Hylodes heyeri — 19248. Ischnocnema 
guentheri — 23179. Ischocnema manezinho — 22571. 
Leptodactylus notoaktites — 23181. Leptodactylus sp. 
— 21301-02; 23183. Ololygon littoralis — 18094-95; 
23169-71. Ololygon perpusilla — 18096. Ololygon 
rizibilis — 12382-84; 23167-68; 23172. Physalaemus 
lateristriga — 12385-89; 23162. Proceratophrys boiei 
— 21306. Rhinella abei — 22897; 23165-66. Rhinella 
crucifer — 2836-40. Rhinella hoogmoedi — 21307. 
Rhinella icterica — 12390. Rhinella ornata — 27476. 
Scinax alter — 60-63; 21298-99; 21303. Scinax sp. 
— 12375-81; 12424. Trachycephalus mesophaeus 
— 23173. DZJRP: Aplastodiscus albofrenatus — 5252. 
Bokermannohyla hylax — 5247; 5287; 5299; 5300. 
Cycloramphus asper— 5301-02. Fritziana fissilis — 5251. 
Hylodes cardosoi — 5200-35; 5288-92; 5294-98; 5304- 
16. Hylodes sp. — 5236-45; 5293; 5317-24. Ischnocnema 
cf. paranaenses — 5248. Leptodactylus bolivianus 
— 5250. Rhinella abei — 5249. Rhinella icterica — 5198; 
5282-83; 5303. ZUEC: Adenomera bokermanni — 4722. 
Aplastodiscus sp. — 20964. Boana faber — 17719-20; 
20148-50; 20965. Bokermannohyla hylax — 20138. 
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rhyakonastes — 17671-74; 17724-26; 20107; 20139- 
42; 20151-52; 20966-71. Cycloramphus sp. — 20134- 
36. Dendrophryniscus leucomystax — 10328; 4758-59. 
Dendropsophus berthalutzae — 4727. Dendropsophus 
elegans — 10327; 10329. Dendropsophus minutus 
— 4760. Dendropsophus werneri — 4729-31. Haddadus 
binotatus — 20958. Hylodes cardosoi — 15868; 20153- 
55; 20959-61. Hylodes cf. cardosoi — 17675; 20137. 
Hylodes gr. lateristrigatus — 10326. Leptodactylus 
sp. — 4716-18; 4723; 4763. Ololygon angrensis — 
4724-26; 4756. Ololygon littoralis — 4736-37; 4757. 
Proceratophrys boiei — 4719-21. Proceratophrys sp. — 
20963. Rhinella crucifer — 4728. Rhinella sp. — 17809- 
10. Scinax alter — 4738-39; 4745; 4754. Scinax cf. 
imbegue — 4732-35; 4740-44; 4746-47; 4750; 4752-53; 
4755; 20144-45; 20147; 20962. Scinax cf. tymbamirim 
— 11241; 20143; 20146. Scinax tymbamirim — 4742; 
4748-49; 4751. Trachycephalus mesophaeus — 4762. 
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